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Abstract – In this paper, a local transition adaptive struc-
tured mesh generation method is proposed for finite dif-
ference time domain (FDTD) simulation. This innova-
tive approach can automatically identify the location
of the medium interfaces and boundaries based on the
triangular facet of the target, and subsequently divide
the entire computational domain into numerous subre-
gions. In the subregions, uniform mesh lines are initially
placed in accordance with the numerical requirement of
FDTD method. Subsequently, part of these meshes are
refined based on target structure. Finally, local transi-
tion processing is performed for meshes with large vari-
ations at the boundaries of neighboring subregions, so
that there is no rapid change in mesh size in the bound-
ary position. Different from the existing automatic non-
uniform mesh generation methods, the method proposed
only adds transition meshes at the medium interfaces and
boundaries instead of placing global gradient meshes,
so it can greatly reduce the mesh quantity and sim-
plify the mesh generation process. Two classical models
of inverted-F antenna and cross-slot frequency selective
surface are employed as examples to verify the validity
of our method. Simulation results demonstrate that this
generation method can achieve nearly equivalent simu-
lation accuracy as the global gradient mesh generation
method with a markedly reduced number of meshes.

Index Terms – Finite difference time domain (FDTD),
local transition adaptive mesh, structured mesh.

I. INTRODUCTION
The finite difference time domain (FDTD) method is

one of the mainstream methods in electromagnetic com-
puting. The essence of the FDTD method is to simulate
the propagation process of electromagnetic wave through
discretized spatial and temporal meshes, in which the
spatial mesh is also known as the Yee cell [1]. Figure 1

shows a Yee cell, which contains both electric and mag-
netic field components. Specifically, the E-components
are located at the middle of the edges and the H-
components are located at the center of the faces.

It is well known that the quality of the generated
mesh has an important influence on the computational
accuracy and efficiency of FDTD simulation. Generally,
a higher mesh density typically results in a more accurate
representation of physical phenomena. However, if the
meshes are excessively fine, it can significantly increase
computational demands, thereby lengthening simulation
time and escalating resource consumption. Therefore,
conducting in-depth research on the FDTD mesh gener-
ation algorithm and exploring an optimized mesh gener-
ation method that can balance the number and quality of
meshes is of great significance for promoting the further
development of FDTD technology.

In the early stage of the FDTD method, the uni-
form mesh is mainly used for calculation. However, with

Fig. 1. The Yee cell.
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increasing demand for electromagnetic simulation and
the increasing complexity of target structures, uniform
meshes show obvious limitations in dealing with com-
plex geometries and non-uniform media. Therefore, non-
uniform mesh generation methods are gradually being
introduced to better adapt to these complex situations.
The non-uniform mesh generation method allows for the
placement of fine mesh in areas with intricate structures
and significant field changes, while using coarser mesh
in other parts. This approach can ensure calculation accu-
racy while reducing the total number of meshes, thereby
accelerating the overall calculation speed [2–20].

Sun et al. [2] presented a program to generate au-
tomatically a three-dimensional surface FDTD mesh
for a complex object enclosed by conducting and thin-
dielectric surfaces in 1993. Yang and Chen [3] came
up with a three-dimensional, automatically adjustable,
non-uniform orthogonal-mesh generator in 1999. In this
paper, the mesh sizes must smoothly and gradually in-
crease or decrease, because a rapid change in mesh size
could result in a significant phase error. Fernandes [11]
presented a new software package for antenna analy-
sis and design using the FDTD method in 2007. This
software package limits the ratio between the sizes of
two adjacent meshes between 0.77 and 1.3. Similar set-
ting is also shown in [12, 13]. Kim et al. [14] proposed
a non-uniform sub-grid mesh configuration to increase
the stability margin by separating interpolation-error and
dislocation-error planes in 2012. The author also applied
an adaptive interpolation technique to increase the sim-
ulation accuracy. Zhu et al. [15] adopted the intersec-
tion parity method for mesh generation in the same year.
Their paper introduces the parity of intersections num-
ber method for meshing and uses the method of wind-
ing numbers to determine the position of intersections
relative to triangular facets. Chen et al. [20], in 2024,
presented an adaptive mesh generation method which
can effectively balance simulation accuracy, and compu-
tational resource usage to a certain extent, by increas-
ing the mesh density in areas requiring high precision
and reducing the mesh density in other areas. That pa-
per doesn’t limit the ratio of the sizes of two adjacent
meshes.

Previous non-uniform mesh generation methods
usually impose limitations on the size ratio between ad-
jacent meshes. Applying this restriction to all meshes
in the model not only complicates the mesh generation
process but also significantly increases the overall mesh
quantity. In this paper, a local transition adaptive struc-
tured mesh generation method is proposed on the basis
of the adaptive structured mesh generation method in
[20]. The proposed mesh generation method only adds
transition meshes at the media interfaces and boundaries,
which can greatly reduce the mesh quantity and simplify

the mesh generation process. The detailed operations are
as follows. Firstly, find the locations of media interfaces
and boundaries of the model and divide the entire com-
putational domain into numerous subregions. Then, the
subregions are divided according to numerical require-
ment of the FDTD method and the target geometry struc-
ture. Finally, judge whether the ratio of the mesh size on
both sides of adjacent subregions exceeds a certain value.
If the ratio exceeds the limit value, add some transition
meshes at this location. Two classical models of inverted-
F antenna and cross-slot frequency selective surface are
simulated as examples. The S11 and radiation pattern of
the inverted-F antenna excited by a discrete port are cal-
culated, and the radar cross section (RCS) of the cross-
slot frequency selective surface excited by plane wave
is calculated. The results show that, compared with the
adaptive generation method, the proposed method can
achieve considerable improvement in simulation accu-
racy at the cost of increasing the mesh quantity by a small
amount.

II. METHOD
The proposed mesh generation method consists of

three steps:

(1) Identify the target boundaries and medium inter-
faces and place mesh lines at these locations, so that
the entire calculation area will be divided into sev-
eral sub-areas.

(2) In the subregions, non-uniform mesh lines are
placed according to the numerical requirements of
FDTD method and the target structure.

(3) Local transition processing is carried out on the
meshes with large changes at the boundaries of
adjacent subregions, so that the mesh size of the
boundary region will not change rapidly.

In step 1, the media interfaces and target boundaries
are obtained according to the triangle element in the stl
file of the model. Figure 2 shows the format of a triangle
element in the stl file. Each triangle element is described
with its facet normal vector and vertex coordinates and
ends with “endfacet”. Based on the vertex coordinates,
we can easily get the vectors where the three sides of

Fig. 2. Format of a triangle element in a stl file.
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the triangle elements are located, as shown in Fig. 3. We
determine the intersection relationship between the sides
of the triangular element and the coordinate axes through
dot product operation. We find the sides parallel to any
coordinate axis, and the positions of these sides are me-
dia interfaces or target boundaries.

Fig. 3. Triangular element and the vectors.

Subsequently, the meshes on both sides of the media
interfaces and target boundaries are transacted. Assume
the ratio of mesh sizes on both sides of the interface is ri.
If ri meets the following conditions:

1
R2

< ri <
1

R1
or R1 < ri < R2, (1)

then the larger mesh will be divided equally into two
meshes. If ri meets the following conditions:

ri <
1

R2
or R2 < ri, (2)

then the larger mesh is divided into two meshes, one of
which is equal to the size of the smaller mesh. Both R1
and R2 are constants and can be adjusted according to the
need, here taking R1 as 1.5 and R2 as 2.

Let us choose inverted-F antenna as an example. Its
model is shown in Fig. 4. The inverted-F antenna has
three layers. The first layer is an inverted-F shaped pec
patch with a thickness of 0.262 mm and width of 2.4 mm.
The second layer is a substrate with a dielectric constant

Fig. 4. Geometry of the inverted-F antenna.

of 2.2 and thickness 0.786 mm. The third layer is the
ground with a thickness of 0.262 mm, and its material
is pec. The ground is connected to the patch with a pec
piece, and the width of the piece is 0.4 mm. The simula-
tion frequency is set to 1-4 GHz.

Firstly, the antenna is preliminarily discretized ac-
cording to step 1 and step 2. Since the minimum wave-
length λmin1 in the simulation frequency band is 50 mm,
the maximum mesh size of the entire space is set to one
in twenty-five of the minimum wavelength 2 mm, and
the minimum mesh size is set to 0.1 mm. The generation
result in the YOZ plane is shown in Fig. 5. The yellow
mesh represents the pec patch, and the blue mesh repre-
sents the medium substrate.

Firstly, we can find from Fig. 5 that, at some bound-
aries of the pec patch, the ratio of mesh sizes on both
sides exceeds 1.5 or 2. Therefore, according to the pro-
posed mesh generation method in this paper, we need to
add transition meshes at these positions. The new meshes
of the antenna are shown in Fig. 6. The red mesh lines in
Fig. 6 are the new mesh lines. The meshes in the XOY
plane are shown in Fig. 7.

It can be seen that in the X direction, which is also
the thickness direction, we add transition meshes at the
interface between the medium substrate and the ground,
and the interface between the pec patch and the medium
substrate, respectively. In the Y and Z direction, there are
very few mesh lines added. The addition of these transi-
tional grids ensures that there is no rapid change in mesh
size in the boundary region, which increases the preci-
sion of mesh generation to some extent.

Fig. 5. Meshes in YOZ plane of the inverted-F antenna
obtained with the method in [20].
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Fig. 6. Meshes in YOZ plane of the inverted-F antenna
obtained with the proposed method.

Fig. 7. Meshes in XOY plane of the inverted-F an-
tenna obtained with the method in [20] and the proposed
method.

III. NUMERICAL EXAMPLES
The inverted-F antenna shown in Fig. 4 is simulated

with the FDTD method and it is excited with a discrete
port. Figure 8 shows the S11 curves of the inverted-F an-
tenna obtained by the uniform mesh generation method,
the adaptive mesh generation method in [20], and the
proposed mesh generation method in this paper. The size
of the uniform mesh is 0.4 mm in the Y and Z direc-
tion and 0.262 mm in the X direction. This set of uni-
form meshes is finer and has a larger mesh quantity,
so its simulation result can be considered as a reliable
standard. The S11 curve simulated by CST Studio Suite
(CST) software is also given in Fig. 8. CST’s maximum
mesh size is set to 2 mm, and the minimum mesh size is
set to 0.1 mm. The ratio of the two adjacent meshes is
between 0.77 and 1.3.

The results show that, the value of S11 at 2.46 GHz
obtained by the adaptive mesh generation method in [20]
is −7 dB, which is quite different from the values ob-
tained by the uniform mesh generation method and CST
software. However, the S11-curve calculated by the pro-
posed method are in good agreement with those ob-
tained by the uniform grid generation method and CST
software.

Fig. 8. S11 of the inverted-F antenna simulated by FDTD
based on three mesh generation methods and CST.

Figure 9 shows the radiation pattern calculated at
2.46 GHz on the XOZ plane. The FDTD simulation re-
sult based on the proposed method is between the results
of the uniform mesh generation method and the adap-
tive mesh generation method, and the simulation result
is more accurate without increasing the mesh quantity
by a big amount.

Mesh quantity and FDTD simulation time based on
different generation methods are shown in Table 1.

Table 1 shows that, based on the adaptive mesh gen-
eration method, the proposed mesh generation method
increases the mesh quantity and simulation time by just a
small amount. If we limit the ratio of all adjacent meshes,
the mesh quantity would increase largely.

Let us select the cross-slot frequency selective sur-
face as an example. Its model is shown in Fig. 10. The
cross-slot frequency selective surface model has two lay-
ers. The first layer is a pec patch with four cross-shaped
slots. Its thickness is 1.5 mm and the width of the cross-

Fig. 9. Radiation pattern of the inverted-F antenna simu-
lated by FDTD based on three mesh generation methods
and CST.
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Table 1: Mesh quantity and simulation time of inverted-F
antenna based on different generation methods

Generation Method Mesh
Quantity

Simulation
Time

Adaptive generation 7830 29 min 46 s
Local transition

generation
13888 33 min 11 s

Uniform generation 97344 1 h 26 min
30 s

CST 44548 /

Fig. 10. Geometry of the cross-slot frequency selective
surface.

slot is 2 mm. The second layer is a medium substrate
with a thickness of 3 mm and its dielectric constant is
4.4. The simulation frequency is set to 0-4 GHz.

Since the minimum wavelength λmin2 in the simula-
tion frequency band is 35.8 mm, the maximum mesh size
of the entire space is set to one-tenth of the minimum
wavelength at 3.58 mm, and the minimum mesh size is
set to 0.1 mm. The results in the YOZ plane of the mesh
generation method in [20] and the proposed generation
method in this paper are shown in Figs. 11 (a) and (b),
respectively. In Fig. 11, the yellow mesh represents the
pec patch, while the blue mesh represents the medium

(a) (b)

Fig. 11. Meshes in YOZ plane of the cross-slot frequency
selective surface obtained with (a) the method in [20] and
(b) the proposed method.

substrate. The red mesh lines in Fig. 11 (b) are the new
added transition mesh lines. The mesh generation results
in the XOY plane are shown in Fig. 12.

Fig. 12. Meshes in XOY plane of the cross-slot frequency
selective surface obtained with the method in [20] and
the proposed method.

The cross-slot frequency selective surface is excited
by a plane wave propagating in the positive direction
of the X-axis and polarizing in the positive direction of
the Z-axis. A near-field probe is placed one wavelength
away from the medium substrate on the X-axis. Figure 13
shows the time-domain waveform of the probe simulated
by FDTD based on the two groups of meshes and CST.
CST’s maximum mesh size is set to 3.58 mm, and the
minimum mesh size is set to 0.1 mm. The ratio of two
adjacent meshes is between 0.77 and 1.3.

Fig. 13. Time-domain waveform of the near-field probe
of the cross-dipole frequency selective surface simulated
by FDTD based on two groups of meshes and CST.

Figure 13 shows that the result based on the local
transition adaptive mesh data is in good agreement with
the CST simulation result, especially at the position of
the main peak.

We then calculate the RCS in 2 GHz by using the
FDTD algorithm based on the two groups of meshes. The
results are shown in Fig. 14 and are compared with the
result obtained with CST.

Figure 14 shows that, compared with the adaptive
mesh data, RCS based on local transition adaptive mesh
data is in better agreement with the CST results.

Mesh quantity and FDTD simulation time obtained
by different generation methods are shown in Table 2.

Table 2 shows that, based on the adaptive mesh gen-
eration method, the proposed mesh generation method
increases far less mesh quantity, which limits the ratio of
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(a)

(b)

Fig. 14. RCS of the cross-slot frequency selective sur-
face simulated by FDTD based on two mesh generation
methods and CST: (a) Phi=90 and (b) Theta=90.

Table 2: Mesh quantity and simulation time of cross-slot
frequency selective surface based on different generation
methods

Generation Method Mesh
Quantity

Simulation
Time

Adaptive generation 7620 18 min 49 s
Local transition

generation
16810 22 min 3 s

CST 38808 /

all the adjacent meshes. Simulation time also increases
by a small amount.

All the results of inverted-F antenna and cross-slot
frequency selective surface verify from the side that the
transition adaptive structured mesh generation method
proposed in this paper has higher computational accu-
racy than the method proposed in [20].

In addition, in order to prove the accuracy of the
mesh generation method proposed in this paper, we cal-
culate the RCS of a metal sphere excited by plane wave.
This sphere’s radius is 1 m. The plane wave propagates
in the negative direction of the Z-axis and polarizes in
the positive direction of the Y-axis. The simulation fre-
quency is set to 0-0.4 GHz. Comparison between the
FDTD simulation result based on the proposed genera-

tion method and Mie analytical result [21] is shown in
Fig. 15. The comparison shows that the proposed gener-
ation method has good accuracy.

Fig. 15. RCS of the sphere.

IV. CONCLUSION
In this paper, a new method of local transition adap-

tive structured mesh generation for FDTD simulation is
proposed. By only adding transition meshes at media in-
terfaces and boundaries, where the mesh sizes on both
sides are significantly different, this method increases
the simulation accuracy. Through FDTD simulation of
inverted-F antenna and cross-slot frequency selective
surface, it is found that the local transition adaptive mesh
generation method can achieve considerable improve-
ment in simulation accuracy at the cost of increasing a
small number of meshes, compared with the adaptive
mesh generation method. Compared with previous non-
uniform mesh generation methods, this method could re-
duce mesh quantity and the complexity of mesh genera-
tion on the premise of ensuring simulation accuracy.
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